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(54) Remotely programmable mobile terminal 

(57) A teleplione system including mobile telephon- 
ic stations provides for a remote programming of the tel- 
ephones of respective ones of the mobile stations upon 
an indication from each of the respective telephones of sU 
a type of digital signal processor f DSPVem ploved by the 
telephone. Various programs ar e stored at a base sta- 
tion fnr imnlAmentinQ various protocols in thfi nomnms- 



sinn anri in the eYnans ion of voice signals pr ocessed by 
the DSP. Such programs include differences in the out- 
put compressed signal bandwidth to be allocated to a 
specific service area of a base station at a specific time 



of day. by way of example^roajamsogggjiriat^ 
can be changed upon request of a subscriber and /or 
upon direction from the base station.: gf)Qg^;ijbanges' 

<^v:0ofedMefentdbase:sta}ton:s; :;f?JuraI memories may be pro- 
vided in an individual telephone to permit operation with 
one protocol during reception of a program for a different 
protocol. In the event of surplus channel capacity for 
communication via the base station, the subscriber may 
request, possibly at an extra monetary charge, a higher 
transmission bandwidth of compressed voice signal for 
improved voice quality. 



'4> 



CM 

O) 
CO 

CM 
O 
CO 

o 

Q. 




\aASE 



FIG. 1 



A. 



Printed by Jouw. 75001 PARIS (FR) 



EP 0 602 694 A2 



Description 

This invention relates to the signal processing of tel- 
ephonic signals in radiotelephone in accordance with a 
specific program or protocol controlling the processes 
^^^^^jjt^^rg^oaa^ 
...^ upicat^ n^^tw^ 

Mobile telephones may be operated in an analog or 
a digital mode of operation. The digital mode of opera- 
tion enables the telephone system to accxxrvnodate an 
increased number of concurrent communications 
among numerous mobile telephones by virtue of a com- 
pression of an outgoing voice signal from a mobile tel- 
ephone to the base station, and an expansion of an in- 
coming voice signal to the mobile station from the base 
station. The electric circuitry in the mobile telephone 
which provides these functions is frequently referred to 
as a digital signal processor (DSP). In order to nriaintain 
such a system of compression and expansion, it is nec- 
essary for all mobile telephones communicating with a 
common base station to employ a common protocol of 
the compression and the expansion. Such communica- 
tion is readily accomplished in a modern cellular tele- 
phone system by use of code division multiple access 
(CDMA) in accordance with intemational standards 
such as IS95 and IS96 which establish the protocol for 
the compression and expansion. 

Improvements in the protocol and the correspond- 
ing programming of the DSP are made frequently Such 
improvements include sampling techniques and 
processing of signal samples for improved voice quality 
in a given transmission bandwidth, by way of example. 
Also, there may be selective bandwidth transmission by 
which a telephone subscriber may select a larger trans- 
mission bandwidth, as may be useful for transmission 
of music or other data. In addition, it is noted that chang- 
es may occur in future embodiments of the circuitry of 
a DSP to facilitate implementation of the compression 
and the expansion functions. Also, the construction of 
DSP circuitry may vary in the products produced by var- 
ious manufacturers. 

^j^^M^^&B^^^lS^J^^f^PB^^JP^^^ be jqperateddaaftsT 

'^!ss^ld^®eei»QtfeAspei:^^ . r- 

In accordance with this invention, a cellular tele- 
phone system and the mobile telephones contained 
therein is provided with the caoacitv to nnftratA with dif- 
ferent protocols and proc^rams. | ^ts q^enX W farilitatP*^ 
manufactur e of mobile tele phones because Iha, 
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manufac turer is not restrict ed tn a snpnifir fnrm nf r\QP_ 
circuitiy. Furt hermore, the adaptive feature of the inven- 
tion allows the telephone subscribers of an individual 
base station to experiment with different protocols 
whereby a survey of subscribers may be conducted to 
determine the most desirable protocol. 

A preferred embodiment of the invention is based 
upon the fact that present DSP circuitry includes a pro- 
grammable computer operating in conjunction with 
memories for storing records of voice/data signals, plus 



connparison and correlation circuitry enabling recogni- 
tion of speech patterns. By way of example, in the com- 
pression process, tne speecn patterns include repetitive 
components which may be dropped to obtain compres- 
sion, and reinserted to obtain the expansion. Digital fil- 
tering nnay be accomplished in the time domain by use 
of delay elements in conjunction with multipliers and 
sunrunations. In particular, it is noted that the necessary 
hardware, in terms of electrical circuitry, is present for 
accomplishing numerous procedures of compression/ 
expansion, each procedure being implemented by suit- 
able programming of the computer. 

This embodiment of the invention is implemented 
by storing at the base station the various progremns of 
candidate protocols, including variations of the individ- 
ual programs to accomnnodate differences in the various 
computers and ancillary circuit present in the DSP's pro- , 
duced by various man ufactu rer s. A telephone w hich has Va/v^ Ak^VT^^ 

not yet been programmed, and which is to be pDt into . 
20- -seTvicQ }^ a telephone subscrib er transmits via the cnn- 
trol channel to the base station a digital wnrH rAqtiPgting 
a program. The fjioital wnr H akn inriuHog an iHontifi^a- 

tion of the tvo e of DSP in the telenhnnQ ntn that tho hace 
Station can select a program tailored to the specific ns^P 
In response to the request, the base station trans- 
mits to the mobile telephone a program which directs 
the DSP to perform compression and expansion of 
voice/data signals in accordance with the protocol em- 
ployed by the numerous mobile telephones which com- 
30 municate via the common base station. The p rogram is 
^^g^^^^^^h|^id^ l^m^^^l^^^es^ji) theve verit 

commands the telephones in Its service area to receive 
a new program, and then proceeds to transmit the new 
35 programs which replaces the program previously stored 
at the respective mobile telephones. 

By way of example in the use of such down-loaded 
programs by the mobile telephones, there may be se- 
vere restrictions on bandwidth during intervals of heavy 
traffic, so as to accommodate peak demand for tele- 
phone service as may occur during the daytime. How- 
ever, late at night, there is lower traffic and the subscrib- 
ers may be allocated a larger bandwidth with the result- 
ing improvement in fidelity and/or speed of communica- 
tion. The mode of compression is based on the available 
ba ndwid th and, accordingly, would be altered. j!?jfen 
^.^!jQ^*?!oMh©'base station .te accommodate the nar- 
row daytime bandwidth and the wide nighttime band- 
width. This change in protocol may be accomplished by 
transmission of a new program to the mobile telephones 
at the beoinninQ of each nf thft high anH tho ir>i» traffic 
times Aftemaiivftly if desired, the mobile telephones 
can store both programs, with a switch-over between 
the programs occurring ppon command of the base sta- ^ 
tion. Mother example of the case of such a switch over 
is the traveling of the mobile telephone from the high 
traffic service area of an urban base station to the low 
traffic sen^ice area of a suburban t>ase station. 
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The aforementioned aspects and other features of 
the inventbn are explained in the following description 
of a preferred exemplary embodiment, taken in connec- 
tion with the accompanying drawing figures wherein: 

Fig. 1 shows diagrammatlcally a cellular telephone 
with plural service areas under control of respective 
base stations, each sen/ice area having a plurality 
of mobile stations; 

Fig. 2 is a block diagram of telephone circuitry at a 
mobile station, the circuitry being programmable in 
accordance with the invention; 

Fig. 3 is a set of four graphs demonstrating in styl- 
ized fashion a possible mode of voice compression 
as a functbn of available bandwidth; and 

Fig 4 shows a further set of four graphs demonstrat- 
ing in stylized fashion another mode of voice com- 
pression suitable for use in a radiotelephone sys- 
tem. 

Identically labeled elements appearing in different 
ones of the figures refer to the same element in the dif- 
ferent figures but may not be reterenced in the descrip- 
tion for all figures. 

Fig. 1 shows a cellular telephone system 10 having 
a plurality of base stations 1 2 serving respective service 
areas represented by cells 14. Mobile telephone sta- 
tions 1 6 are located within each of the cells 1 4 and. with- 
in any one of the cells 14. communicate via the respec- 
tive base statbn 12. Communication between mobile 
stations 1 6 located in different cells 14 includes a signal 
transmission between the base stations 12 of the re- 
spective cells 14. Such communication may be accom- 
plished by communication links located on the earth or 
via a satellite encircling the earth. A mobile station 16 in 
this description refers to a mobile station which is carried 
by a vehicle. However, the term "mobile station" is ap- 
plicable also to a situation wherein a cellular type of tel- 
ephone is disposed at a fixed tocation. such as in a re- 
mote location wherein it is impractfcal to have telephone 
lines. 

The telephones at respective ones of the mobile 
stations 1 6 are understood to have the capability to com- 
munbate digitally with voice compression during trans- 
mission of outgoing signals, and with voice expansion 
during reception of incoming signals. While the inven- 
tion is to be described with reference to voice signals, it 
is to be understood that other forms of signals, such as 
data and music signals may be communicated via the 
system 10. Modem cellular telephones include a DSP 
(to be described hereinafter) which includes electrical 
circuitry for performing the functions of compression of 
the voice signal and the expansion of the voice signal, 
both of these functbns being performed with the aid of 
a computer within the DSP which operates the compres- 
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sion and the expansion circuitry in accordance with a 
specific compresskxi/ expansion protocol. The protocol 
may designate specific modes of sampling of the voice 
signal, and may also designate an output bandwidth of 
the compressed signal. By way of example, a relatively 
low bandwidth is available in situations of high tele- 
phone traffic so as to accommodate the system 1 0 to 
the task of communicating the numerous telephone con- 
versations within a constraint ot overall bandwidth. In 
contrast, in situatwns where the telephone traffic is rel- 
atively tow, a higher bandwidth can be allocated for the 
compressed voice signals while still maintaining the 
overall bandwidth constraint for the system 10. 

The amount of telephone traffic, whether high or low 
telephone traffic, is dependent on the time of the dav 

within any ogg of the cells 1 4. flnd fllso nn thft nmwrfl nf 

the region, such as a rural reqkan or an urban region 
within a cell 14. T he inventfon provides the capability of 
altering the protocol within the telephones of any one of 
the cells 14 so as to' accommodate the constraints on 
compressed-signal bandwidth presented by the amount 
of telephone traff ic. By way of example, two of the cells 
'14A and 14B represent rural areas with relatively low 

traffic while a third cell 14C is in an urban area having 

a relativelv high traffic. One of the mobile stations 16A 
is traveling between the rural cell 14A to the urban cell 
1 4C. The base stations 1 2 of the two cells 1 4 A and 1 4C 
may be operating with the same protocol, or may be op- 
erating with different protocols to take advantage of the 
wider permissible signal bandwidth of the cell 14A and 
the narrower permissible bandwidth of the cell 14C. The 

wider bandwkith is advantageous for providing a higher C^^/\^^^^"^->kVJ^ v 
fidelity to the transmitted voice signals while the narrow- y j 
er bandwidth of the cell 1 4C is advantageous for permit- UiU--.J'^>-'^'^^^ 
ting a larger number of co^^^r^eQ][^|j|]ephonic commu- JKAA^e^^^^A^ 
nication s. Accordingly, in th^j^^lS^if^ the station 1 6 A \ 
between the base stations 1 2 of the cells 14A pnd lan 
the system 10, In accordance with the invention, must 

havg Ihg.capagilY \q chflnaB Ihfi nmtfinni in thf^ fivnnt 

that .qijrh rhanoe is necessary In contrast, the traveling 
of the mobile station 168 from the cell 14A to the cell 
14B involves a hand-off wherein no change of operating 
protocol is required because both of these cells 14Aand 
1 4B are rural low-traffic areas. 

Fig. 2 shows details in the constructton of a cellular 
telephone 1 8 employed in each of the mobile statkxis 
1 6 of Fig. 1 . In Fig. 2, the cellular telephone 18 compris- 
es a codec 20, a baseband signaling section 22 and an 
RF (radio frequency) section 24. A microphone 26 con- 
nects via an analog-to-digital (A/D) converter 28 in the 
codec 20 to tne baseband signaling section 22, and a 
speaker 30 connects with a digital-to-analog ((D/A) con- 
verter 32 in the codec 20n to the baseband signaling 
section 22. The A/D converter 28 and the D/A converter 
32 are driven by a common clock 34. An antenna 36 
connects with the RF section 24 for communfeating with 
one of the base stations 12 via a radio link 38. 

The RF sectton 24 comprises a transmitter 40, a du- 
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plexer42, a receiver 44. a modulator, 46, a demodulator 
48, and a carrier oscillator 50. In the operation of the RF 
section 24. outgoing compressed voice signals from the 
baseband signaling section 22 are coupled by the trans- 
m itter 40 and the duplexer 42 to the antenna 36 for trans- 
mission to the base station 12. Compressed signals re- 
ceived at the antenna 36 from the base station 12 are 
applied via the duplexer 42 and the receiver 44 to the 
baseband signaling section 22. The outputted com- 
pressed voice signals of the baseband signaling section 
22 are modulated, via the modulator 46. onto a carrier 
provided by the oscillator 50 prior to being transmitted 
via the transmitter 40. Signals received by the receiver 
44 are demodulated via the demodulator 48, with the 
aid of a carrier reference signal supplied by the oscillator 
50, to provide a demodulated voice signal to the base- 
band signaling section 22. The baseband signaling sec- 
tion 22 has a vocoder 52 providing the functions of com- 
pression of outgoing voice signals and expansion of tn- 
cbming voice signals. The vocoder 62 includes a com- 
pressor 54, an expander 56, and a computer 58. The 
computer 58 forms a part of the compressor 54 and the 
expander 56, but is shovwn as a separate element to fa- 
cilitate descriptbn of the telephone 18. Electric circuitry 
for the vocoder 52 is provided in a single unit, namely, 
a DSP 60, which also comprises an input memory 62 
for storing a succession of signal samples from the A/D 
converter 28 and an analyzer 64 for analyzing the suc- 
cession of stored signal samples to obtain characteris- 
tics of the voice signal. These characteristics are em- 
ployed by the computer 58 in implementing the com-B 
pression of the voice signal by the compressor 54. 

The baseband signaling section 22 further compris 
es a first program memory 66. an optional second pu 
gram memory 68, a switch 70 tor switching between 
two memories 66 and 68, an encoder 72, a summer 
and a decoder 76 which operates the switch 70. Use of 
the analyzer 64 by the computer 58 in the process of 
analyzing various aspects of the voice signal waveform 
is performed in accordance with a predetermined pro- 
tocol as set forth in a computer program stored in the 
menrK>ry 66. The protocol also governs cooperation of 
the computer 58 with the compressor 54 in selecting 
samples of the signal waveform to be applied to the 
compressor 54 and an algorithm by which the compres- 
sion takes place. 

Various modes of compression are well known, and 
need not be discussed here in detail for an understand- 
ing of the invention. In a complementary manner to the 
compression, the expander 56 expands the digitized 
voice signal emanating from a distant mobile station to^ 
restore the digitized voice signal. The converter 28 is 
operative to provide a sufficient number of digitized 
samples per second of the voice waveform received at 
the microphone 26 to enable replication of the voice 
waveform at the distant mobile station, and the expand- 
er 56 provides, in similar fashion, a sufficient number of 
digital samples of a received voice waveform to enable 



the converter 32 to reproduce an analog voice signal of 
high quality. The clock 34 feeds clock signals to the com- 
puter 58 for operating the computer 58. as well as other 
components of the DSP 60 in synchronism with the op- 
eration of the converters 28 and 32. 

Also included within the baseband signaling section 
22 is a controller 78 which connects with the computer 
58 for controlling basic well-known operational modes 
of the telephone 1 8. Such operational modes include in- 
itiation of the telephone call in response to the entry of 
a dialed number via a keypad 80 connected to the con- 
troller 78, a display of prompt and other messages on a 
display 82 connected to the controller 78, and a re- 
sponding to an incoming telephone call initiated from a 
distant mobile statio n. In the practice of the invention, 
there are additional functions to be employed. One of 
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these functk)ns is the notification of the base statk>n 12 
of the particular type of circuitry empbyed in the DSP 
60, thereby to enable the base station 12 to download 
a version of the program adapted for operation of the 
DSP 60. The program is downloaded by placvig the pro- 
gram in storage in the memory 66. 

In the event that there is no program stored in the 
memory 66, or in the event that a user of the telephone 
1 8 signifies via the keypad 60 a desire to emptoy a pro- 
gram providing a different protocol, or in the event that 
an RSSI 84 of the telephone 18 signals the controller 78 
that the signal strength in a neighboring one of the cells 
14 (Fig.1) is stronger than the signal strength in the 
?/esent^cellSlpWita^^0^ 
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word outputted by the encoder 72 is added to 
the output signal of the DSP 60 via the summer 74. The 
summer 74 serves to interleave the output signal of the 
encoder 72 with the output signal of the compressor 54 
so that, in suitable time slots provided by the computer 
58, the request for change of protocol is transmitted via 
the control channel of the telephone 1 8 to the base sta- 
tion 12. 

The change in protocol can be initiated also by the 
base station 12. su ch as a change in bandwidth alloca- 



ordance with a specific time of dayi 



Br the request for change on protocof"6elrv^ 



itiated at the mobile station 1 6. or at the base station 1 2. 
the base station MigL4iaw^fe^^||^^ « 
so recognized by the decocfer 76 as sign ifying that a 
change in protocol is to take place, the decoder TnT* 



responsive to various flags, or pointers, placed in vari- 
ous digitally formatted words in the receive signal chan- 
nel at the output of the demodulator 48, such flags being 
well known. By examination of the flags, the decoder 76 
signifies to the computer 58 that a control signal or a 
voice message is present on the receive channel. 
Upon notification by the decoder 76 that a change 
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in protocol is to be accompiished, the computer 58. via 
the controller 76 , applies a message to the display 82 
alerting a telephone subscriber that there is to be a mo- 
mentatv delay for change of orotocQl With mrrAntiy 
available digital transmission rates, and with the amount 
of bits contained within a typical program for operation 
of a DSP, a transmission of a new program containing 
the new protocol can be accomplishad in an int An/at cA 
time less than approximately 15 seconds. Acc ordingly, 
the computer 58 empties the program memory 66. and 
activates the switch 70 to couple the output of the de- 
modulator 48 to the program memory 66 for download- 
ing the program into the memory 66. In the event that 
the optional second program memory 68 is employed, 
then the new protocol program is downbaded via the 
switch 70 into the second program memory 68 instead 
of into the program memory 66. In such case, the com- 
puter 58 does not clear the first program memory 66, 
but allows both of the programs to be stored concurrent- 
ly, respectively, in the memories 66 and 68. Also, there 
is no need to interrupt the telephonic transmission by 
the telephone 1 8 during the downloading of the new pro- 
gram. 

Upon completion of the downloading of the new pro- 
gram in the second program memory 66, the computer 
58 simply switches the program read-out from a reading 
out from the memory 66 to a reading out from the mem- 
ory 68. In the event, in a later interval of time, that a third 
protocol is to be implemented, then the computer 58 
would dump the contents of the first program memory 
66 while continuing operation of the DSP 60 based on 
the second protocol stored in the second program mem- 
ory 68. After the dumping of the contents of the first pro- 
gram memory 66, the third protocol program would be 
downloaded into the first program memory 66. In this 
fashion, numerous substitutions and changes of proto- 
col can be accomplished without interruption of the tel- 
ephonic communication . This is particularly useful in the 
case of a hand off of a mobile station, such as the sta- 
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tions 1 6A-C (Fig. 1 ) traveling between contiguous ones 4 0 



Fig. 3 presents in stylized fashion a possible oper- 
ation of the DSP 60 (Fig. 2) in the process of analyzing 
the voice waveform by the an^ai^er 64 and compressing 
the voice waveform by extracting specific samples at the 
compressor 54. It is to be understood that this is simply 
an example for purposes of demonstrating speech com- 
pression, and may not necessarily be used in a radio- 
telephone. The first graph of Fig, 3 shows a repeating 
portion of a voice waveform wherein in each portion, a 
quasi-sinusoidal component 86 varies in amplitude with 
increasing time, the variation of the amplitude being, by 
way of example, a decreasing amplitude which, in peri- 
odic fashion returns to its original amplitude and 
resumes the decrease in amplitude. The envelope of the 
decreasing amplitude is indicated at 88. Sampling 
points 90 provided by the A/D converter 28 (Fig. 2) are 
indicated by little dots on the quasi-sinusoidal compo- 
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nents 66 of the voice waveform. By way of example, a 
commonly used sampling frequency by the converters 
28 and 32 (Fig. 2) is 8,000 Hz (hertz) with each sample 
being represented by 8 bits. This gives a total rate of 
64,000 bits per second. A typical transmission band- 
width allows for only 8,000 bits per second and, accord- 
ingly, the compressor 54 would output bits of the voice 
-signal at an average rate of 8,000 bits per second. With 
the CDMA transmission, the bits from the wavefomi niay 
be transmitted by a burst signal, this being followed by 
a pause until the next burst signal transmission. 

By way of example, if the fundamental frequency of 
the quasi-sinusoidal component 86 is at 400 Hz, the du- 
ration of a period of the component 86 is 2.5 ms (milli- 
seconds). With respect to the format of an acoustic 
wavefonm, there are quasi-periodic intervals extending 
over a range, typically, of 20 - 40 ms. Thus, with respect 
to the stylized wavefomn of the first graph of Fig. 3, it 
may be assumed that the periodic character of the en- 
velope 88 extends for approximately 10 periods. At the 
foregoing sampling rate of 8,000 samples per second, 
there would be twenty of the sampling points 90 per cy- 
cle of the quasi-sinusoidal component 66. The wave- 
form of the first graph of Fig. 3, as represented by the 
sampling points 90, is stored in the input memory 62 
(Fia 2) for viewing by the analyzer 64. 

ya--accordance with a possible prutocoi for the 
speec^Hfompression, selected periods of the compo- 
nent 86 may be extracted. In the first graph, there are 
four repetitions of the component 86 for each repeat of 
the envelope 88. In the second graph of Fig. 2, a possi- 
ble selection of the samples of the first and the fourth 
period of the component 86 within each repeat of the 
envelope 88 is selected. Such a selection enables re- 
generation of the envelope 88. In view of the repetitive 
nature of the envelope 88, and of the substantially con- 
stant frequency of the quasi-sinusoidal component, the 
compression protocol may provide for a skipping of the 
next three repeats of the envelope 88. and for a resump- 
tion in a taking of the samples of the component 86 in 
the next repeat of the envelope 86. Here, again, the 
samples of the first and the fourth perbds of the com- 
ponent 86 are taken, as is indicated In the second graph 
of Fig. 3. The taking of sample points of only two out of 
the total of four periods of the component 86 results in 
a division by 2 in the average value of the sampling rate. 
The skipping of the next three repeats of the envebpe 
88 provides for examination of only one out of every four 
of the waveforms within repeats of the envelope 88. This 
results in a further division by a factor of four in the av- 
erage sampling rate to give a total reduction by a factor 
of 8 in the average sampling rate. Thereby, the DSP 60 
has accomplished the aforementioned requirement for 
a reduction in sampling rate by a factor of 8. 

In the event that a mobile station, such as the statk>n 
16A (Fig. 1) were to move from the cell 14C to the cell 
14A (Fig. 1 ). the station 16A would experience the afore- 
mentioned reduction in telephone traffic. Thus, as has 
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been noted above, the base station of the ceil 14A may 
be employing a protocol which allows for a doubling of 
the available bandwidth. In such case, the protocol 
would be implemented, as shown in the third graph of 
Fig. 3. by allowing for the extraction of twice as many 
samples. The third graph shows a possible mode of 
sampling at the high end sampling rate. Instead of taking 
samples of only the first and the fourth periods of the 
waveform in an individual one of the repeats of the en- 
velope 88. the third graph shows a taking of samples of 
all periods of the waveform in an individual one of the 
repeats of the envelope 88. 

The fourth graph of Fig. 3 shows an alternative pro- 
tocol for doubling the number of samples. In the fourth 
graph, the scheme of taking samples of the waveform 
within an individual one of the repeats of the envelope 
88 Is the same as that shown in the second graph. How- 
ever, in the fourth graph, there is a skipping of only one 
repeat of the envelope 88 prior to the extraction of fur- 
ther samples. Thereby, twk;e as many samples are tak- 
en in the sampling mode of the fourth graph as com- 
pared to the sampling mode of the second graph. The 
third and the fourth graphs demonstrate how a different 
sampling protocol can be employed for compression of 
a voice waveform while maintaining the same average 
sampling rate or bandwidth for the signal outputted by 
the compressor 54 (Fig. 2). The reverse operation, to 
that which has been demonstrated in the four graphs of 
Fig. 3, is accomplished by the expander 56 (Fig. 2) to 
regenerate an incoming voice signal from a distant mo- 
bile station 16. The second and the third graphs, or the 
second and the fourth graphs, demonstrate how a 
change in compresson/expansion protocol can accom- 
plish a change in average sampling rate and required 
bandwidth. 

Fig. 4 shows a set of four graphs depicting a further 
example of a process for voice signal compression, this 
process being suitable for use in a mobile telephone. 
The first graph shows a stylized voice waveform which 
is essentially periodic over an interval of time under con- 
sideration. Each period of the waveform has a large 
pulse P followed by a sequence S of smaller pulses. The 
second graph shows a processing of the foregoing 
waveform to provide for a 2:1 compressbn of the voice 
signal. In the second graph there is a substantially pe- 
riodic waveform wherein each period comprises the 
pulse P followed by sequence S followed by a blank in- 
terval B having a duration equal to one perkxj of the 
voice signal (first graph). The blank inten/al B is not 
transmitted, this providing a reduction in the amount of 
the data transmitted to accomplish the speech compres- 
sion. The third graph shows further compression in a 
ratio of 4: 1 which is accomplished by replacing four con- 
secutive periods of the voice signal (first graph) by pulse 
P followed by sequence S followed by two blank inter- 
vals B. The two blank inten^als B are not transmitted. 
The fourth graph shows further compressk)n in a ratio 
of 8: which is accomplished by replacing eight consec- 



utive periods of the voice signal (first graph) by pulse P 
followed by sequence S followed by four blank intervals 
B. The four blank inten/als B are not transmitted. There- 
by a desired compresston ratk> may be provided by the 

5 procedure of Fig. 4. This process of vobe compression 
may be employed by the DSP 60. 

It is to be understood that the above described em- 
bodiment of the invention is illustrative only, and that 
modifications thereof may occur to those skilled in the 

^0 art Accordingly, this invention is not to be regarded as 
limited to the embodiment disclosed herein, but is to be 
limited only as defined by the appended claims. 



'5 Claims 

1. A radio communication system comprising a base 
statfon, and a mobile statfon which communicates 
via the base station and includes processing means 

^0 for compressing outgoing voice/data signals and/or 
expanding incoming voice/data signals, the 
processina mfinns hftinp Rnlftnlivftly rprnnfioiimhlp 

to npfiratft arnnrriinq to cotq of a plurality of protn- 

CQlS 

2B 

2. A system for programming a telephone comprising: 

a base station, and a plurality of mobile stations 
which communicate via said base station; 

30 

wherein each of said mobile statbns comprises 
a telephone including a digital signal processor 
(DSP) having compresskxi means tor com- 
pressing outgoing voice signals, expansion 
^ means for expanding incoming voice signals, 

and a computer forming a part of said compres- 
sion means and said expansion means; 

wherein said telephone further comprises a 
40 memory for storing a first program, saki first 

program serving to direct said computer in ac- 
cordance with a predetermined protocol to ac- 
complish sakf compressing and said expanding 
of voce signals; and 

45 

wherein said system further comprises means 
for downloading said first program from said 
base statton to each of said mobile statk>ns, 
and means for substituting a second program 
50 in place of said first program to alter said pro- 

tocol. 

3. A system according to Claim 2 wherein plural ones 
of said mobile stations are mobile stations. 

55 

4. A system according to Claim 2 wherein the DSP in 
one of sakl mobile stations differs from the DSP in 
another of said mobile stations and, in each of said 
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mobile stations, said telephone is operative to 
transmit to said base station an identification of a 
type of said telephone's DSP prior to a downloading 
of said first program, said base station stores a plu- 
rality of versions of said first program and of said s 
second program, and said downloading is accom- 
plished by matching a version of each of said first 
and said second programs to a type of DSP at each 
of said nrK>bile stations. 

10 

5. A system according to Claim 4 further comprising a 
plurality of base stations including said base station; 

wherein the telephone in each ot said mobile 
stations comprises: is 



11. A system according to Claim 2 wherein said base 
station is solely in control of selection on one of said 
programs for accomplishing compression and ex- 
pansion of voice signals. 

12. A system according to Claim 11 wherein a selected 
one of said programs provides operation of a codec 
of one of said mobile stations at increased band- 
width for higher fidelity of voice transmission. 

13. A system according to Claim 2 wherein a selected 
one of said programs provides operation of a codec 
of one of said mobile stations at decreased band- 
width for higher capacity of telephonic communica- 
tion via said base station. 



a received signal strength indicator (RSSI) re- 
sponsive to signals of at least two of said base 
stations for selecting one of said at least two 
base stations having a stronger signal; and 

command means responsive to said RSSI for 
directing said stronger-signal base station to 
download any one of a plurality of protocol pro- 
grams including said first program and said 2S 
second program to said telephone to enable 
communication via said stronger-signal base 
station. 



14. A system according to Claim 2 wherein said first 
program is retained in said memory until a down- 
loading of said second program by said base sta- 
tion, or until a shut down of said memory by a ter- 
mination of electrical power to said memory. 



6. A system according to Claim 4 wherein said down- 30 
loading means includes means for signaling re- 
spective ones of said nrK}bile stations to receive a 
new program. 

7. A system according to Claim 4 wherein said down- 3S 
loading means includes means for signaling re- 
spective ones of said mobile stations to switch to 
another program. 

8. A system according to Claim 2 wherein said second 40 
program designates a bandwidth of compressed 
signals different from a compressed-signal band- 
width designated by said first program. 



9. A system according to Claim 2 wherein said substi- 45 
tuting means comprises a further memory located 
in the telephone of each of said mobile stations for 
storing said second program, said computer in each 
of said mobile stations being operative to withdraw 
data selectively from either of said memory and said so 
further memory. 



10. A system according to Claim 2 wherein said substi- 
tuting means comprises means at said base station 
for selectffig said second program trom a set ot pro- ss 
grams, and means for commanding said download- 
ing means to signal respective ones of said mobile 
stations to receive said second program. 
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FIG. 1 
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FIG. 3 
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